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DATA ALLOCATOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a data allocator having a 
plurality of storage groups each consisting of multiple array 
?les, and particularly to a data allocator capable of recov 
ering data With the operating ratio of the respective storage 
groups being kept uniform even if one of the array ?les of 
the storage groups fails. 

2. Description of Related Art 
FIG. 9 is a block diagram shoWing a portion of a con 

ventional data allocator, Which relates to the present inven 
tion. It is a VOD (Video On Demand) system employing a 
RAID-5 (redundant arrays of inexpensive discs) distributed 
video server. In this ?gure, reference characters S1, S2 and 
S3 designate video servers (called “servers” beloW for 
simplicity) to Which storage groups G1, G2 and G3 are 
connected, respectively. Each of the storage groups G1—G3 
includes a plurality of magnetic disk drives: The server S1 
includes the magnetic disk drives D4—D7, the server S2 
includes the magnetic disk drives D8—D11, and the server S3 
includes the magnetic disk drives D12—D15. Each of the 
magnetic disk drives D4—D15 includes one or more mag 
netic disks divided into blocks of the same capacity, thereby 
constituting one of array ?les of each server as video data 
?les, Which are also called array blocks. The reference 
numerals 80, 81 and 82 each designate a video program, 83 
designates a netWork, and 84, 85 and 86 each designate a 
client. 

FIG. 10 is a diagram illustrating data allocation of the 
video program 80 on the array blocks of the magnetic disk 
drives D4—D15. In this draWing, each small square shoWs a 
block With a ?xed siZe of 64 KB. The blocks 0—71 store 
equally divided data (called video data from noW on) of the 
video program 80 in order of the numbers of the blocks, and 
the data are read in ascending order of the numbers. The 
blocks Pn, Where n is an integer equal to or greater than Zero, 
store as redundant data, in order of the numbers n, parity 
data used for recovering data if one of the magnetic disk 
drives fails. 

In FIG. 10, the parity data used for the data recovery are 
distributed over the entire servers S1—S3. The system adopt 
ing such data allocation is called RAID-5. The parity data 
may be concentrated in one of the servers. The system 
employing such data allocation is called RAID-4. 

Open circles in FIG. 11 designate the blocks accessed in 
a normal mode, Whereas those in FIG. 12 denote the blocks 
accessed When the magnetic disk drive D5 is in failure. 

The operation Will be described. 
The clients 84—86 Who Wish to Watch the video program 

80, read the video data 0—71 in order at a ?xed rate (about 
1.5 Mbps according to the MPEG 1, for example), expand 
compressed data, and display them on the screens of them 
selves. Since one video data includes multiple frame data, 
the video data are once buffered in the clients 84—86 to be 
sequentially fed to their screens. 

The client 86 as shoWn in FIG. 9 requests the server S2 
to read the video data, and replays the video data sent from 
the server S2. It continues to replay the video data as a video 
stream data by reading them from the server S3, and then 
from the server S1 at constant time intervals based on the 
data rate. 

Thus, in the RAID-5 data allocation, each client reads the 
video data from a plurality of servers rather than from a 
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2 
particular server. This makes it possible to reduce the load 
per server, and hence offers an advantage that the number of 
simultaneous clients (that is, the number of simultaneous 
video streams) is increased in the overall video servers. 

Next, the operation in a failure mode Will be described. 

In the conventional RAID-5 data allocator, the data is 
allocated to the identical roW and column of respective 
servers form a redundant group so that the parity data in the 
redundant group is read in place of the corrupted video data 
if one of the magnetic disk drives fails. 

The parity data are stored in the form of P0=0 XOR 1, 
P1=2 XOR 3, P2=4 XOR 5, P3=6 XOR 7, . . . , and the data 

are calculated as 0=P0 XOR 1, 1=P0 XOR 0. The ?rst 
equation means that the parity data P0 is obtained by the 
XOR operation betWeen the video data 0 and the video data 
1. 

For example, in FIG. 10, the redundant group of the ?rst 
roW and second column consists of the parity data P1 of the 
server S1, the video data 2 of the server 2 and the video data 
3 of the server S3. If the video data 2 in the server S2 is 
destroyed, it is recovered from the video data 3 in the server 
S3 and the parity data P1 in the server S1 using the 
relationship as 2=3 XOR P1 by reading the parity data P1 in 
the server S1 instead of reading the video data 2. 

The system is characteriZed in that it is enough for the 
client 86 to read the parity data P1 instead of the video data 
2 in the failure. This is because the video data 3 can be held 
for the next replay by buffering. 
As shoWn in FIG. 11, in the normal mode in Which no 

magnetic disk drive fails, only the video data enclosed by the 
open circles are read Without reading any parity data blocks, 
and this enables the number of accesses to respective 
magnetic disk drives to be kept equal. The equilibrium of the 
access times, hoWever, is destroyed if one of the magnetic 
disk drives fails, because the parity data blocks must be read 
in this case. 

FIG. 12 shoWs by open circles the blocks accessed When 
the magnetic disk drive D5 of the server S1 fails, in Which 
case the parity data stored in the magnetic disk drive D9 of 
the server S2 and the magnetic disk drive D13 in the server 
S3 are read to recover the data stored in the magnetic disk 
drive D5 in the server S1. As a result, the number of accesses 
to the magnetic disk drives D9 and D13 increases by a factor 
of 1.5 as compared With that to the other magnetic disk 
drives, thereby destroying the equilibrium of the number of 
accesses, resulting in the reduction in the rate of reading data 
from the server system. 

Thus, the conventional data allocator With such a con 
?guration has a problem in that the number of accesses to 
particular magnetic disk drives increases and the overall data 
read rate is reduced if any one of the magnetic disk drives 
fails, because the parity data for recovering the data of the 
magnetic disk drive in failure are concentrated in the par 
ticular magnetic disk drives. 

SUMMARY OF THE INVENTION 

The present invention is implemented to solve such a 
problem, thereby providing a data allocator capable of 
maintaining the data read rate by making the number of 
accesses to the respective magnetic disk drives as uniform as 
possible When a magnetic disk drive fails. 

According to the present invention, there is provided a 
data allocator comprising: 
k storage groups, Where k is an integer greater than one, 

each of the storage groups including multiple memory areas 
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arranged in a matrix for storing data block by block, the 
memory areas of each of the storage groups are divided into 
m columns, each of the m columns forming an array ?le, 
Where m is an integer greater than one; and 

a plurality of redundant groups, each of Which consists of 
k memory areas selected from respective storage groups, the 
k memory areas being located in a same roW of the storage 
groups, and consisting of a ?rst memory area for storing 
each one of redundant data, and (k-1) second memory areas 
for storing data, the each one of redundant data stored in the 
?rst memory area being redundant data of the data stored in 
the second data areas in a same redundant group, 

Wherein the redundant data are allocated to mk sets of 
memory areas (Dlj-l, DZJ-Z, . . . , Dkj-m) in same roWs of the 
storage groups, Where ji (i=l to m) is a number of each one 
of the array ?les in each of the storage groups, and Dkj-m is 
a memory area belonging to k-th storage group and jm-th 
array ?le of the k-th storage group. 

Here, the redundant data and the data may be stored in the 
storage groups such that in a ?rst storage group of the 
plurality of storage groups, the redundant data and the data 
are sequentially shifted by an amount corresponding to a 
number of the roW, such as not shifted in a ?rst roW, shifted 
by one column in a second roW, shifted by tWo columns in 
a third roW, . . . , (m-1) columns in an m-th column, so that 

the data are stored at a cycle of m roWs, such that in a second 
storage group of the plurality of storage groups, after each 
cycle of the ?rst storage group has been completed, the data 
are sequentially shifted by an amount de?ned at every m 
roWs, such as not shifted for a ?rst m roWs, shifted by one 
column in a second m roWs, shifted by tWo columns in a 
third m roWs, so that the data are stored at a cycle of m><m 
roWs, and such that in folloWing storage groups the data are 
stored likeWise by shifting memory areas. 

The data allocator may further comprise servers, each of 
Which are provided for each one of the storage groups for 
controlling the array ?les. 

Each of the array ?les may correspond to one magnetic 
disk. 

Further scope of applicability of the present invention Will 
become apparent from the detailed description given here 
inafter. HoWever, it should be understood that the detailed 
description and speci?c examples, While indicating pre 
ferred embodiments of the invention, are given by Way of 
illustration only, since various changes and modi?cations 
Within the spirit and scope of the invention Will become 
apparent to those skilled in the art from this detailed descrip 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention Will become more fully understood 
from the detailed description given hereinbeloW and the 
accompanying draWings Which are given by Way of illus 
tration only, and thus are not limitative of the present 
invention, and Wherein: 

FIG. 1 is a block diagram shoWing an embodiment 1 of a 
data allocator in accordance With the present invention; 

FIG. 2 is a diagram shoWing the data allocation in the 
embodiment 1; 

FIG. 3 is a diagram illustrating data access in a normal 
mode in the data allocation in the embodiment 1; 

FIG. 4 is a diagram illustrating data access in a disk failure 
in the data allocation in the embodiment 1; 

FIG. 5 is a diagram illustrating rotation processing for 
changing data storage locations; 
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4 
FIG. 6 is a diagram illustrating the changes in the data 

storage locations in accordance With the rotation processing; 
FIG. 7 is a diagram illustrating the data allocation using 

a mapping method; 
FIG. 8 is a block diagram shoWing an embodiment 2 of 

the data allocator in accordance With the present invention; 
FIG. 9 is a block diagram shoWing a RAID-5 distributed 

video server system; 

FIG. 10 is a diagram shoWing the data allocation in a 
conventional data allocator; 

FIG. 11 is a diagram illustrating data access in a normal 
mode in the data allocation in the conventional data alloca 
tor; 

FIG. 12 is a diagram illustrating data access in a disk 
failure in the data allocation in the conventional data allo 
cator; and 

FIG. 13 is a table shoWing the relationships betWeen the 
data names and redundant groups, server numbers, roW 
numbers and column numbers. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

The invention Will noW be described With reference to the 
accompanying draWings. 

EMBODIMENT 1 

FIG. 1 is a block diagram shoWing an embodiment 1 of a 
data allocator in accordance With the present invention. In 
this ?gure, reference characters S1, S2 and S3 designate 
servers to Which storage groups G1, G2 and G3 are 
connected, respectively. The server S1 includes the magnetic 
disk drives D4—D7, the server S2 includes the magnetic disk 
drives D8—D11, and the server S3 includes the magnetic disk 
drives D12—D15. Each of the magnetic disk drives D4—D15 
is divided into blocks With the same capacity, thereby 
constituting an array ?le for each server. For the purpose of 
simplicity, the number of servers is assumed to be three, and 
the number of magnetic disk drives provided in each server 
is assumed to be four. The portions corresponding to those 
of the conventional system are designated by the same 
characters or numerals, and the description thereof is omit 
ted here. 
The reference numeral 16 designates a CPU for carrying 

out the overall control of the server system. The CPU 16 
allocates the data to the magnetic disk drives D4—D15, and 
reads the allocated data to be displayed on a screen. The 
reference numeral 17 denotes a data feeder for supplying the 
CPU 16 With data such that the number of accesses of the 
magnetic disk drives become as uniform as possible even in 
a disk failure. The reference numeral 18 designates a redun 
dant group calculator for calculating the redundant group of 
the video data, 19 designates a data allocation calculator for 
calculating the allocation location of the video data and 
parity data on the respective magnetic disks, and 20 desig 
nates an allocation information memory for storing the 
allocation information of the video data and the parity data. 
The reference numeral 21 designates a mass storage 

system like CD-ROMs connected to the CPU 16, Which 
stores the video stream data such as video programs. The 
reference numeral 22 designates a controller for controlling 
external devices: It controls the input of the information 
from external devices to the CPU 16, and the output of the 
information from the CPU 16 to the external devices. In 
addition, it divides the video stream data of the mass storage 
system 21 into video data of equal length. 
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The reference numeral 23 designates a parity data gen 
erator for calculating the parity data on the basis of the 
information of the data allocator, 24 designates a data 
compressor for compressing the data When the video data 
and parity data have not yet been compressed, 25 designates 
a server manager for managing the servers S1—S3, Which 
carries out the output of information from the CPU 16 to the 
servers S1—S3, and the input of information from the servers 
S1—S3 to the CPU 16. The reference numerals 26 designates 
a data expander Which expands the read data, and recovers 
the data on the basis of the information of the data feeder 17 
if one of the magnetic disk drives fails, thereby displaying 
the expanded data on the screen. The CPU 16, data feeder 
17, mass storage system 21 among others may be provided 
separately, or in the clients as shoWn in FIG. 9. 

FIG. 2 shoWs the result of the data allocation the CPU 16 
carries out on the basis of the information of the embodiment 
1 of the data allocator. In this ?gure, small squares designate 
blocks, ?xed length storing units of the data, Which store the 
video data denoted by the identi?ers 0—71 obtained by 
equally dividing the video stream data, and the parity data 
denoted by the identi?ers Pn, Where n is an integer equal to 
or greater than Zero. 

FIG. 3 is a diagram illustrating the blocks accessed in the 
normal mode in the data allocation as shoWn in FIG. 2. 

FIG. 4 is a diagram illustrating the blocks accessed in the 
failure of the magnetic disk drive D5 in the data allocation 
as shoWn in FIG. 2. 

FIG. 5 is a schematic diagram illustrating the improve 
ment in the data allocation of the embodiment 1 as shoWn in 
FIG. 2 as compared With that of the conventional RAID-5 
allocation as shoWn in FIG. 9. To make the number of 
accesses to the magnetic disk drives as uniform as possible 
in the disk failure, the redundant data are allocated to mk sets 
of memory areas (Dlj-l, DZJ-Z, . . . , Dkj-m) in the same roWs of 
the storage groups, Where k is the number of storage groups, 
m is the number of the array ?les in each storage group, ji 
(i=l to m) is the number of the array ?le in each storage 
group, and Dkj-k is a memory area belonging to k-th storage 
group and jm-th array ?le of the k-th storage group. Thus, a 
plurality of redundant groups are formed, each of Which 
consists of a single memory area for storing each one of 
redundant data, and (k-1) memory areas for storing data, 
these k memory areas being in the same roW of the storage 
groups. 

In the folloWing description of the embodiment 1, the 
allocation method of the redundant data using a rotation 
method Will be described as an example. The numbers 
shoWn in FIG. 5 represent the number of rotations. 

FIG. 6 illustrates the changes in the storage locations of 
the data in accordance With the number of rotations. FIG. 7 
illustrates the data allocation using a mapping method, in 
Which T1 designates a mapping table and G1—G3 designate 
storage groups. 

The operation Will noW be described. 
First, the data allocation method Will be explained. 
The CPU 16 provides the data feeder 17 through the 

controller 22 With the information on the number of the 
video data of the video stream data to be allocated from noW 
on, the number of the servers, and the number of the 
magnetic disk drives. The redundant group calculator 18 
calculates the redundant groups, and the entire number of 
data, that is, the total sum of the number of the video data 
and the number of the parity data, and supplies them to the 
allocation information memory 20. Here, each redundant 
group consists of a plurality of video data and one parity data 
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6 
combined such that one video data destroyed in the redun 
dant group can be recovered from the remaining data in that 
group. The parity data in each redundant group is calculated 
from the entire video data in that group. The allocation 
information memory 20 generates a table as shoWn in FIG. 
13 from the information fed from the redundant group 
calculator 18 and data allocation calculator 19. 

In FIG. 13, the data name refers to an identi?er of the 
video data and the parity data, Wherein the identi?ers of the 
video data are represented by integers equal to or greater 
than Zero, Whereas the identi?ers of the parity data are 
represented by Pn, Where n is an integer equal to or greater 
than Zero. The redundant group in FIG. 13 refers to the 
identi?ers of the redundant groups represented by integers 
equal to or greater than Zero, Which are obtained by the 
folloWing equation. The server number refers to the identi 
?cation numbers attached to the servers, Which are integers 
equal to or greater than Zero. The roW number refers to the 
identi?cation numbers attached to the roWs of the array 
block formed for each server, and the column number refers 
to the identi?cation numbers attached to the columns of the 
array blocks. The redundant groups and the data allocation 
locations are uniquely determined for each data as shoWn in 
the table of FIG. 13. 
Assuming that the server numbers of the servers S1, S2 

and S3 are 0, 1 and 2, respectively, the roW numbers are 0—8 
as shoWn in FIG. 2, and the column numbers are 0—3 as 
shoWn in FIG. 2, the allocation location of the video data of 
49, for example, is determined by the block to Which 49 is 
attached in the table of FIG. 13. Reversely, the block to 
Which 70 is attached, for example, is represented by the 
server number 0, the roW number 8 and the column number 
3. 
1. Next, a calculation method of the number of the entire 
data and the redundant groups Will be described. In the 
folloWing expressions, + denotes the integer portion of a 
quotient, % denotes the remainder of a quotient, ka is the 
total number of the video data fed from the CPU 16, j is the 
number of the server units, m is the number of the magnetic 
disk drives (array ?les) per server, n is the number of the 
parity data as Well as the number of a redundant group 
consisting of the video data and the parity data, i is the 
number of video data, N is the number of a server, M is the 
number of a roW of the array blocks formed for each server, 
and L is the number of a column of the array blocks. 
(a) A method for calculating the total number of data. 

the total number of the data = (1) 

the total number ka of the video data + 

the total number ka of the video data + 

(the total number j of the server units — 1) 

The total number determines the siZe of the table in the 
allocation information memory 20. 
(b) A method for calculating the number of the redundant 
group of video data. 

the number n of the redundant group = (2) 

the number i of video data + (the number j of the server units — 1) 

One parity data is added to each redundant group. The 
parity data is represented as Pn using the number n of the 
redundant group, Where n is also the number of the parity 
data. For example, the number of the parity data P10 is 10. 

Next, calculation results Will be explained in the case 
Where the total number of the video data is 72, and the 
number of video data is 49 in the con?guration of FIG. 1. 
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(a) A method for calculating the total number of data. 

the total number of the data=72+72+(3—1)=108 (3) 

(b) A method for calculating the number of the redundant 
group of the video data. 

the number n of the redundant group of the video data=49+(3—1)= 
24 (4) 

After the redundant group calculator 18 completed the 
calculations, the data allocation calculator 19 calculates the 
allocation locations associated With the entire data names on 
the basis of the parity data information provided by the 
redundant group calculator 18 and the information given by 
the CPU 16. 
2. The allocation location of the parity data is calculated as 
folloWs: 
(a) A method for calculating the number of the server to 
Which the parity data is allocated. 

the number N of the server = <5) 

the number n of the parity data + 

the number m of the magnetic disk drives % 

the number j of the server units 

(b) A method for calculating the number of the roW of the 
array block to Which the parity data is allocated. 

the number M of the roW = the number n of the parity data + (6) 

the number m of the magnetic disk drives 

(c) Amethod for calculating the number of the column of the 
array block to Which the parity data is allocated. 

the number L of the column = (the number n of the parity data + (7) 

the number K of rotations) % the number m of the server units 

the number K of the rotations = the number M of the roW + (8) 

(the number m of the magnetic disk drives)N % 

the number m of the magnetic disk drives 

Where N is the number of the server, the number M of the 
roW is the one calculated by equation (6), and the number N 
of the server is the one calculated by equation 

Next, the calculation results of the data name P24 Will be 
explained in the con?guration of FIG. 1. 
(a) A method for calculating the number of the server to 
Which the parity data is allocated. 

the number of the server=24+4% 3=O (9) 

(b) A method for calculating the number of the roW of the 
array block to Which the parity data is allocated. 

the number of the roW=24+4=6 (10) 

(c) Amethod for calculating the number of the column of the 
array block to Which the parity data is allocated. 

the number L of the column=(24+2) % 4=2 (11) 

Where 

the number K of the rotations=6+4°% 4=2 (12) 

3. The allocation location of the video data is calculated as 
follows: 
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(a) A method for calculating the number of the server to 
Which the video data is allocated. 

the number N of the server = (13) 

the number i of data + (the numberj of the server units — 1) 

The folloWing rule is applied to the resultant value of (13). 
Rule: If the resultant value is equal to or greater than the 

number of the server to Which the parity data of the 
redundant group is allocated to Which the video data of 
number i belongs, the resultant value is increased by one, 
Which Will be expressed as 

If the number of the server 

2 the number i of the data + (the numberj of the server units — 1) (14) 

the number m of the magnetic disk drives % 

the number j of the server units 

then,N=N+ 1, elseN=N 

(b) A method for calculating the number of the roW of the 
array block to Which the video data is allocated. 

the number M of the roW = the number i of data + (15) 

{the number m of the magnetic disk drives x 

(the number j of the server units — 1)} 

(c) Amethod for calculating the number of the column of the 
array block to Which the video data is allocated. 

the number L of the column = (16) 

{the number i of the data + (the numberj of the server units — 1) + 

the number K of rotations} % the number m of the server units 

Where 

the number K of the rotations = the number M of the roW + (17) 

(the number m of the magnetic disk drives)N % 

the number m of the magnetic disk drives 

Where N is the number of the server, the number M of the 
roW is the one calculated by equation (15), and the number 
N of the server is the one calculated by equation (14). 

Next, the calculation results of the data name 49 Will be 
explained in the con?guration of FIG. 1. 
(a) A method for calculating the number of the server to 
Which the video data is allocated. 

the number of the server=49% (3—1)=1 (18) 

Rule: 1 ;49+(3-1)+4% 3=0 (19) 

Therefore, the number of the server=1+1=2 (20) 

(b) A method for calculating the number of the roW of the 
array block to Which the video data is allocated. 

the number of the roW=49+{4><(3-1)}=6 (21) 

(c) Amethod for calculating the number of the column of the 
array block to Which the video data is allocated. 

the number L of the column=49+{(3—1)+0}% 4=O (22) 

Where 

the number K of the rotations=6+42% 4=O (23) 
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After the data allocation calculator 19 completed the 
calculation, and the allocation information memory 20 com 
pleted the table, the controller 22 reads the video stream data 
from the mass storage system 21, divides the data into the 
video data of equal length, and sequentially delivers the 
divided data to the data compressor 24. The parity data 
generator 23 generates the parity data from the video data 
compressed by the data compressor 24 by the folloWing 
equations. 

In the folloWing expressions, (+) represents the Exclusive 
OR operation. Thus, expression such as the parity data=a (+) 
b means that the (+) operations are carried out bit by bit of 
the data. For example, if a=01001 and b=00110, then 
p=01111. Even if one of the data used for calculating the 
parity data is destroyed, it can be recovered from the 
remaining data and the parity data because (+) has a property 
such as a=p (+) b, and b=p (+) a. The property holds not only 
betWeen the tWo data, but also among the in?nite number of 
data used for calculating the parity data. 

Where no=OO 

This property makes it possible to recover the one 
destroyed data in the redundant group. 
(a) Amethod for calculating the parity data in the redundant 
group. 

The parity data Pn in this embodiment can be calculated 
using the video data associated With the data names in the 
folloWing range. 

n><(the numberj of the server units—1)§i<(n+1)><(the numberj of 
the server units-1) (26) 

Where n is the number of the redundant group, Pn denotes 
the parity data in the redundant group, and i are integers 
equal to or greater than Zero Which represent the data names 
of the video data. 

Pn=n><(the numberj of the server unites-1) (+) {n><(the numberj 
of the server unites—1)+1}(+) . . . (+) {(n+1)><(the numberj of 

the server unites—1)=1} (27) 

Next, the calculation results of the redundant group 24 
Will be explained in the con?guration of FIG. 1. 
(a) Amethod for calculating the parity data in the redundant 
group. 

The parity data calculated by the parity data generator 23 
and the video data calculated by the data compressor 24 are 
allocated on the magnetic disks in the servers through the 
server manager 25 in accordance With the information of the 
data feeder 17. 

According to the results of the foregoing calculations, the 
data are stored in the ?rst one of the plurality of the storage 
groups in such a manner that the storage area is shifted 
column by column With an increase of the roW Within a cycle 
of the number of the columns, such that the storage area is 
not shifted in the ?rst roW, is shifted by one column in the 
second roW, tWo columns in the third roW, . . . , While 

maintaining the storage areas in the other storage groups 
until one cycle of the ?rst storage group has been completed. 
Each time one cycle of the ?rst storage group completes, the 
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10 
storage area of the second group is shifted by one column 
With every increase of roWs equal to the number of columns 
in the storage group in a cycle of (the number of columns in 
the storage group)><(the number of columns in the storage 
group) (=m><m here). Likewise, the storage areas of the data 
in the folloWing storage groups are shifted, thus achieving 
the data allocation as shoWn in FIG. 2. 

Next, a method for reading data Will be explained. 
To retrieve the stored data, the data expander 26 reads out 

through the server manager 25 the video data in ascending 
order of the data name at a ?xed rate (at the rate of 1.5 Mbps 
in the MPEG 1 case, for example), expands the compressed 
video data, and displays them on the screen connected to the 
CPU 16 as the video stream data. FIG. 3 shoWs the blocks 
to be read in the normal mode by the open circles in the 
allocation diagram of FIG. 2. The number of accesses to 
respective magnetic disk drives are identical, and the data 
are allocated such that the read speed is fastest, thereby 
achieving the shortest data read time. 

In addition, since the data are buffered on the redundant 
group basis, it is unnecessary to retrieve the video data again 
of the redundant group to recover destroyed video data. It is 
suf?cient to read only the parity data instead of the destroyed 
video data in a failure. 

FIG. 4 indicates by open circles the blocks to be read in 
case Where the magnetic disk drive D5 in the server S1 fails. 
The number of accesses to each magnetic disk drive in the 
normal mode is six, Whereas the maximum number of 
accesses to each magnetic disk drive in FIG. 4 increases to 
seven. In contrast, the maximum number of accesses to one 
magnetic disk drive is nine in the conventional system as 
shoWn in FIG. 11. Thus, the imbalance of the number of 
accesses to a particular magnetic disk drive is improved in 
the embodiment 1, thereby increasing the read speed in the 
failure as compared With the conventional system. 

In the conventional data allocation as shoWn in FIG. 12, 
each redundant group consists of the data on the magnetic 
disks in the same columns of the servers S1—S3, and if a 
magnetic disk drive in a particular server fails, the data are 
recovered using the parity data on the magnetic disks in the 
same columns of the remaining servers, Which increases the 
number of accesses to those magnetic disks. To avoid this 
When any one of the magnetic disk drives fails, it is 
necessary for the parity data for recovering the data on the 
magnetic disk in failure to be distributed uniformly on the 
remaining magnetic disks. In vieW of this, the embodiment 
1 uniformly distributes on the magnetic disks the parity data 
for recovering the destroyed data When one magnetic disk 
fails. 

Thus, the data allocation of the embodiment 1 results in 
the allocation that Would be obtained by rotating the con 
ventional RAID-5 data allocation as shoWn in FIG. 10 by 
roWs of the ?le arrays composed of the magnetic disks of the 
servers S1—S3 in accordance With the rotation table of FIG. 
5. In FIG. 5, the numerals indicate the number of rotations 
as shoWn in FIG. 6: the rotation number 0 means that the 
original positions of the data (that is, the magnetic disks to 
Which the data are stored) are kept unchanged; the rotation 
number 1 means that the positions of the data are shifted to 
the right by one column; the rotation number 2 means that 
the positions of the data are shifted to the right by tWo 
columns; and the rotation number 3 means the positions of 
the data are shifted to the right by three columns. The 
number of rotations is represented by expressions (8) and 
(17). By thus rotating the data, the parity data needed for 
recovering the data on a destroyed magnetic disk come to be 
uniformly distributed on the remaining magnetic disks. 
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Although the identi?ers 0, 1 and 2 are assigned to the 
servers S1, S2 and S3, respectively, in the embodiment 1, the 
order in Which the identi?ers are assigned to the servers are 
arbitrary. That is, the total of 3! (the factorial of the number 
of the server units) combinations are present. In addition, the 
correspondence betWeen the number of rotations and the 
number of shift can be altered in this embodiment 1. For 
example, it can be determined such that the rotation number 
0 indicates that the data positions are shifted to the right by 
one column, the rotation number 1 indicates that the data 
positions are kept unchanged (shifted by Zero column), the 
rotation number 2 indicates that the data positions are shifted 
to the right by three columns, and the rotation number 3 
indicates that the data positions are shifted to the right by 
tWo columns. There are 4! (that is, the factorial of the 
number of the magnetic disk drives per server) Ways to 
de?ne the correspondence betWeen the rotation number and 
the shift of the data positions. Thus, there are 3!><4! alloca 
tion methods that achieve the same effect as the data 
allocation as shoWn in FIG. 2. Although it is assumed that 
the number of the server units is three, and the number of the 
magnetic disk drives per server is four in the embodiment 1, 
they can be set freely. Furthermore, there are (the number of 
server units)!><(the number of the magnetic disk drives per 
server)! data allocation methods Which Would achieve the 
same effect as that of the embodiment 1, and they can be 
easily implemented by changing the setting parameters of 
the embodiment 1. 

According to the embodiment 1, the number of accesses 
to the magnetic disk drives in the normal mode is uniform, 
and hence the data can be read in the shortest time. 
More importantly, even if one of the magnetic disk drives 

fails, the parity data for recovering the data on the magnetic 
disk in failure are uniformly distributed on the remaining 
magnetic disks, and this offers an advantage that the data can 
be read Without substantially reducing the read speed even 
in the failure of one of the magnetic disk drives. 

Although the embodiment 1 carries out the data allocation 
for forming the redundant groups by the rotation processing 
in Which the data positions are regularly shifted, the rotation 
number can be randomly selected using random numbers. 

Alternatively, a mapping method can be used. In this case, 
the mapping table T1 as shoWn in FIG. 7 is formed such that 
the redundant data are allocated to the magnetic disks in the 
storage groups G1—G3, and that the data are stored in the 
roWs of the magnetic disks in accordance With the allocation 
information in the mapping table T1. By repeatedly using 
the mapping table T1 When the allocation information 
exceeds the memory capacity of the mapping table T1, its 
siZe can be reduced. 

EMBODIMENT 2 

FIG. 8 is a block diagram shoWing an embodiment 2 of 
the data allocator in accordance With the present invention. 
The embodiment is con?gured such that a magnetic disk 
manager 25‘ controls the magnetic disk drives D4—D15 
directly Without the intermediary of the servers. In FIG. 8, 
the corresponding portions as those of FIG. 1 are designated 
by the same numerals, and the description thereof are 
omitted here to avoid duplication. 

The operation Will noW be described. 
The magnetic disk manager 25‘ is directly connected to 

the magnetic disk drives D4—D15 to exchange information 
With the magnetic disk drives D4—D15. The data allocation 
and data read in the normal mode and in the failure mode are 
the same as those of the embodiment 1 except that the server 
numbers should be replaced by the storage group numbers. 
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In other Words, the storage groups of the embodiment 2 are 
each composed of a management unit of the magnetic disk 
drives, so that they are managed directly by the CPU 16 
Without using the servers. 

According to the embodiment 2, an advantage can be 
gained that the cost of the storage unit can be reduced 
because the servers are not used. 

The invention being thus described, it Will be obvious that 
the same may be varied in many Ways. Such variations are 
not to be regarded as a departure from the spirit and scope 
of the invention, and all such modi?cations as Would be 
obvious to one skilled in the art are intended to be included 
Within the scope of the folloWing claims. 
What is claimed is: 
1. A data allocation system comprising: 
k storage groups, Where k is an integer greater than one, 

each of said storage groups including multiple memory 
areas arranged in a matrix for storing data block by 
block, said memory areas of each of said storage groups 
are divided into m columns, each of said m columns 
forming an array ?le, Where m is an integer greater than 
one; 

a plurality of redundant groups, each of Which consists of 
k memory areas selected from respective storage 
groups, said k memory areas being located in a same 
roW of said storage groups, and consisting of a ?rst 
memory area for storing each one of redundant data, 
and (k-1) second memory areas for storing data, said 
each one of redundant data stored in said ?rst memory 
area being redundant data of said data stored in said 
second data areas in a same redundant group; and 

a data allocator allocating said redundant data to mk sets 
of memory areas (Dlj-l, Dzj-z, . . . , Dkj-m) Wherein each 
redundant group is stored in the same roW of said 
storage groups, Where jl-(i=l to m) is a number of each 
one of said array ?les in each of said storage groups, 
and Dkj-m is a memory area belonging to k-th storage 
group and jm-th array ?le of said k-th storage group. 

2. The data allocation system as claimed in claim 1, 
Wherein said allocator stores said redundant data and said 
data in a k-th storage group of said plurality of storage 
groups, said allocator sequentially shifting said redundant 
data and said data by an amount corresponding to a number 
M of the roW, so that said data are stored at a cycle of M 
roWs. 

3. The data allocation system as claimed in claim 2, 
further comprising servers, each of Which are provided for 
each one of said storage groups, said servers controlling said 
array ?les. 

4. The data allocation system as claimed in claim 2, 
Wherein each of said array ?les corresponds to one magnetic 
disk. 

5. The data allocation system as claimed in claim 1, 
further comprising servers, each of Which are provided for 
each one of said storage groups, said servers controlling said 
array ?les. 

6. The data allocation system as claimed in claim 1, 
Wherein each of said array ?les corresponds to one magnetic 
disk. 

7. A data allocation system, comprising: 
k storage groups, Where k is an integer greater than one, 

each of said storage groups including multiple memory 
areas arranged in a matrix for storing data block by 
block, said memory areas of each of said storage groups 
are divided into m columns, each of said m columns 
forming an array ?le, Where m is an integer greater than 
one; 
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a plurality of redundant groups each of Which consists of 
k components including data components and a redun 
dant data component, said redundant data component 
redundantly encoding said data components Within said 
redundant group; and 

a data allocator connected to said storage groups, 

said data allocator allocating each of said redundant 
groups to the same roW of said k storage groups, 

said data allocator allocating at least one of said redundant 
group components of at least one of said redundant 
groups to a different column number m than the other 
redundant group components Within said at least one 
redundant group. 
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8. The data allocation system as claimed in claim 7, 

further comprising: 
k servers, Wherein said k-th server stores and controls said 

k-th storage group. 
9. The data allocation system as claimed in claim 7, 

further comprising: 
mk magnetic discs, 
Wherein each of said m columns in each of said k storage 

groups constitutes an array ?le and Wherein each array 
?le is stored on a corresponding one of said mk 
magnetic discs. 






